Background and Purpose-There is a scarcity of information on the epidemiology and natural course of moyamoya disease. The aim of this study was to investigate the nationwide epidemiological features of moyamoya disease in Korea, including incidence, prevalence, and survival. Methods-We used the data from nationwide, population-based Health Insurance Review and Assessment Service claims database and Rare Intractable Disease registration program, which includes physician-certified diagnoses based on uniform criteria for moyamoya disease from 2007 to 2011. Age-specific incidence and prevalence were calculated, and survival was examined using Kaplan-Meier method. Results-The total number of patients with moyamoya disease was 8154 in 2011, with a female-to-male ratio of 1.8. The incidence from 2007 to 2011 was 1.7 to 2.3/10 5 , and the prevalence in 2011 was 16.1/10 5 . In total, 66.3% of patients aged 0 to 14 years underwent surgery, whereas only 21.5% in the older than 15 years age group underwent surgery. The 1-and 5-year survival rates of adult patients were 96.9% and 92.9%, respectively, and of child patients were 99.6% and 99.3%, respectively. Conclusions-The prevalence and incidence presented in this study are higher than those in previous studies. This study demonstrates that the burden of moyamoya disease in Korea is substantial. (Stroke. 2014;45:00-00.)
M oyamoya disease is characterized by the bilateral stenosis or occlusion of the distal internal carotid artery bifurcation and compensatory arterial collateral networks at the base of the brain. 1, 2 Whereas the main clinical manifestation of moyamoya disease is cerebral hemorrhage in adults, repetitive transient ischemic attacks are more common in children. Moyamoya disease is the most common cause of strokes in children, accounting for ≈62% of cerebrovascular diseases in children requiring surgery. [3] [4] [5] Moyamoya disease is known to be relatively common in Far Eastern countries, including Korea and Japan, but is rarely observed in Europe and the Americas, showing wide regional variation. 6, 7 Although the cause of moyamoya disease is largely unknown, the involvement of both genetic and environmental factors in its pathogenesis is clear. 8 Recently, there has been much progress in understanding the genetic background of moyamoya disease. In 2011, a susceptible gene named RNF213 and the founder mutation p.R4859K were identified, and their strong association with moyamoya disease has been noted in Japan and Korea. 9, 10 There exist few epidemiological studies on moyamoya disease worldwide. There are reports on its nationwide epidemiology in Japan, but these reports only estimate prevalence rates based on cross-sectional surveys targeting health institutions with <60% response rate. Additionally, these studies were conducted in 1995 and 2003; so updates on the epidemiology of moyamoya disease are needed. 11, 12 The National Health Insurance (NHI) run by the Korean government is a nationwide universal insurance system, wherein all inpatient and outpatient healthcare utilization data are recorded in a comprehensive database. Within this system, the NHI has established a registration program for rare intractable diseases (RIDs), such as moyamoya disease, for copayment reduction. To be registered in this RID program, specific diagnostic criteria need to be met and the physician certified. Thus, the RID database allowed the current study to analyze reliable epidemiological features of moyamoya disease. We
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used this database to investigate its national incidence, prevalence, and survival in Korea. To our knowledge, the incidence, prevalence, and survival of moyamoya disease have not been described in a nationwide, population-based study.
6
Methods

Data Source
This study used the nationwide and comprehensive Health Insurance Review and Assessment Service (HIRA) claims database, which is based on data from a universal health insurance system run by the Korean government. This system covers >49 million people. Healthcare institutions send claims data in electronic form to HIRA, and HIRA integrates these data into the claims database. The claims database holds healthcare utilization information on inpatients and outpatients, including patient demographics, date of admission and discharge, date of visit, principal diagnosis, and comorbidities based on the International Classification of Diseases, 10th Revision, and RID registration information. The database also contains information on prescription history, type of surgical procedures, diagnostic procedures including laboratory tests and imaging studies, and healthcare expenditure.
Beginning in 2006, the NHI initiated a registration program for 138 RIDs, including moyamoya disease. Patients registered in this program become eligible for a copayment reduction after their diagnosis is approved by a physician. The diagnosis must be based on the RID diagnostic criteria provided by the NHI and be reviewed by the corresponding healthcare institution before being submitted to the NHI. Thus, the data regarding RIDs are verified and reliable.
Our study only included moyamoya cases certified as RIDs in the HIRA claims database. We encrypted all personal identities and analyzed all data anonymously. The study protocol was approved by the Research Ethics Committee of Korea University Medical School.
Patient Selection
Patients who have been claimed for moyamoya disease from January 2007 to December 2011 to HIRA were included in the study. The diagnostic criteria for moyamoya disease used by the RID program are the following: findings obtained from cerebral angiography or MRI and magnetic resonance angiography must show: (1) stenosis or occlusion at the terminal portion of the internal carotid artery or the proximal portion of the anterior or the middle cerebral arteries, and (2) abnormal vascular networks in the vicinity of the occlusive or stenotic lesions in the arterial phase. Patients with bilateral involvement were classified as definite cases, and patients with unilateral involvement were classified as probable cases. 13 Both definite and probable cases are included in our data analysis. Cerebrovascular diseases with the following disease conditions were excluded: arteriosclerosis, autoimmune disease, meningitis, brain neoplasm, Down syndrome, von Recklinghausen disease, head trauma, and irradiation to the head, among others.
For patients with moyamoya included in this study group, records of medical visits, hospitalizations, and surgeries from the HIRA database were used. Death status data were also obtained from the same database.
Statistical Analysis
This study evaluated the incidence of moyamoya disease in Korea between 2007 and 2011. A 2-year washout period (2005) (2006) ) was used to prevent prevalent cases from interfering with the data. An incident case was defined as a person who was newly diagnosed and registered as a moyamoya patient by the RID program in the corresponding year. We calculated the incidence by dividing the number of new cases in the corresponding year by the population. A prevalent case was defined as a person registered in the HIRA-RID database as a moyamoya patient, including all patients treated for moyamoya disease in the corresponding year and patients registered as incident cases in previous years. We calculated the prevalence by dividing the number of prevalent cases in the corresponding year by the population. We calculated average age-and sex-specific prevalence and incidence by dividing the number of cases in each age and sex group by the age-and sex-specific population and averaging these data from 2007 to 2011. A surgical case was defined as an incident case that had a moyamoya disease-related operation (direct or indirect revascularization) during the study period after diagnosis. We used the population of Korea in June of each fiscal year in calculating incidence and prevalence.
Survival information obtained from the HIRA database was used in survival analysis. Survival was examined using the Kaplan-Meier method, with comparisons made using the log-rank test. The date of registration in the RID program was considered the date of diagnosis. The cumulative survival of moyamoya patients was compared with the survival of the age-/sex-matched Korean population using a log-rank test. Subgroup analysis of survival by age and surgical groups was performed.
Results
From 2007 to 2011, the total number of patients with moyamoya disease in Korea was 8154, of which 2928 were men and 5226 were women, rendering the female-to-male ratio at 1.8. The average patient age was 36.8 years, and the average patient age for men and women was 34.4 and 38.1 years, respectively (Table 1) .
Incidence
From 2007 to 2011, the number of incident cases was 848 to 1192, and the annual incidence was 1.7 to 2.3 per 100 000. The average patient age in these cases was 38.9 years, and the average patient age for men and women was 37.9 and 39.5 years, respectively.
The incidence by sex was 1.3 to 1.7 per 100 000 for men and 2.1 to 3.0 per 100 000 for women, with a female-to-male ratio of 1.9 (Table 1) . Age-specific incidence is presented in Figure 1 . The age-specific incidence showed 2 peaks, which we identified as a peak in child group (<15) and a peak in the adult group (≥15). The peak in the child group occurred at age 5 to 14 years, accounting for 16.2% of all incident cases, and the peak in the adult group occurred at age 45 to 54 years, accounting for 22.8%. When the age groups were studied in increments of 5 years, incidence was highest for age 5 to 9 years in the child group, with 3.8 per 100 000, and age 45 to 49 years in the adult group, with 2.9 per 100 000. The age-specific incidence analyzed by sex also showed similar patterns in both sexes (Table I in the online-only Data Supplement).
Prevalence
When calculated with the 2011 population as the denominator, the crude prevalence was found to be 16.1 per 100 000. The prevalence for men and women was 11.5 and 20.6, respectively, with a female-to-male ratio of 1.8. The prevalence in 2007 was 8.2 per 100 000, with an average annual increase of 19.1%. Prevalence by sex showed a near 2-fold increase for both men and women during the study period, showing a similar pattern in both sexes ( Table 1) .
The age-specific prevalence in 2011 is presented in Figure 2 . Similar to incidence, the age-specific prevalence showed 2 peaks, with 1 in the child group and the other in the adult group. The first peak occurred at age 10 to 19 years and accounted for 19.0% of all prevalent cases, and the second peak occurred at age 50 to 59 years and accounted for 19.7%. In contrast to the adult group peak for incidence, which spanned the age range of 45 to 54 years, the adult group peak for prevalence spanned the age range of 50 to 59 years, which can be attributed to the aging of surviving moyamoya patients. When prevalence was studied in 5-year increments, the age group of 10 to 14 years exhibited the highest prevalence in the child group, with 26.1 per 100 000, and the age group of 55 to 59 years exhibited the highest prevalence in the adult group, with 22.1 per 100 000. Age-specific prevalence analyzed by sex also showed similar patterns (Table II in 
Survival
In this study, 5143 incident moyamoya cases were followed for a total of 15 590 person-years from diagnosis. In total, 210 patients died during the median follow-up of 2.8 years.
The survival of moyamoya patients after diagnosis is illustrated in Figures 3 and 4 . The overall survival of moyamoya patients was 97.2%. The 1-and 5-year survival rates were 98.4% and 96.1%, respectively. One-and 5-year survival among children aged 0 to 14 years were 99.6% and 99.3%, respectively, and among adults aged >15 years were 96.9% and 92.9%, respectively. The survival of the adult group was significantly lower than that of the general population (92.9% versus 97.8%). However, the difference in survival between moyamoya patients and the general population in the child group was smaller (99.3% versus 99.7%).
Survival was statistically not significant between the surgical and nonsurgical groups. Differences in survival were not observed between sexes.
Discussion
In this population-based study, the incidence of moyamoya disease was 1.7 to 2.3 per 100 000 from 2007 to 2011, and the prevalence was 16.1 per 100 000 in 2011. The incidence for men and women was 1.3 to 1.7 and 2.1 to 3.0 per 100 000, respectively, and the prevalence for men and women was 5.8 to 11.5 and 10.7 to 20.6 per 100 000, respectively. In both incidence and prevalence, women were reported to have higher rates.
Previous Japanese studies reported incidence and prevalence of 0.54 and 6.03 per 100 000 in 2003, respectively, ; horizontal axis shows age in 5-y increments until the age of 80 y. which were lower than the rates found in our study. 12 Although Korea may indeed have higher incidence and prevalence of moyamoya disease compared with Japan, it should be noted that a direct comparison with our study may be difficult because of differences in data collection methods and population characteristics; the Japanese study used data from a survey conducted in hospitals, with a response rate of 56.8%. 11 Additionally, the Japanese study analyzed data in 1995 and 2003, whereas the current study analyzed data from 2007 to 2011. Thus, a progression of time may have rendered the rates in our study higher.
Our results confirm that the incidence of moyamoya disease in Korea is as high as in Japan, which is among the highest in the world. This can be partly explained by the genetic background of Korean and Japanese populations. Recent studies have demonstrated a strong association between the p.R4810K mutation in RNF213 and moyamoya disease and reported a relatively high prevalence of p.R4810K among East Asians. 9, 10, 14, 15 The present study showed that prevalence increased annually. The prevalence increases from 8.2 per 100 000 in 2007 to 16.1 per 100 000 in 2011. This increase may partly be because of the increasing availability of MRI or magnetic resonance angiography diagnostic tests, which allowed the diagnosis of cases that would not have been possible in preceding years. Another potential explanation for this increase is the establishment of the registration program for RIDs. Because RID patients became eligible for copayment reduction in 2006, patients who previously avoided costly tests for moyamoya disease may have become more inclined to get tested and be diagnosed. The steeper rise in prevalence compared with the increase in incidence may be attributed to the fact that patients with moyamoya disease are demonstrating prolonged survival.
This study confirmed that moyamoya disease has a bimodal age distribution: the first peak occurs in early childhood, and the second peak occurs in the fourth decade of life. This pattern is similar to that reported in a previous study. 12 As for sex, this study showed a female-to-male ratio of 1.8, also similar to rates reported in previous studies. 11, 12 Surgical rates differed significantly based on age group. The higher surgical rate in children can be explained by the fact that physicians advise early surgical treatment for children, because moyamoya disease is usually expressed as cerebral ischemic symptoms in children, and revascularization is the treatment of choice to prevent ischemic symptoms. The low surgical rate in adults implies that ischemic symptoms are less common than hemorrhagic symptoms in adults, and it is still unclear whether revascularization is effective in preventing the recurrence of hemorrhage. 16, 17 Surgical methods also differed by age group. Among surgical patients, 97.7% of children aged 0 to 14 years underwent indirect surgery, whereas 52.7% of adults aged >30 years underwent indirect surgery. The rate of indirect surgery may be high in children because indirect revascularization surgery is less invasive than direct surgery and involves an easier surgical technique. 18 For adults, a higher rate of direct Five-year survival for child and adult groups was 99.3% and 92.9%, respectively. Previous studies reported that the mortality rate of moyamoya patients who had brain hemorrhages was as low as 6.8% and as high as 20%. 7, 20 The higher survival in the current study may be explained by the fact that the previous studies were based on hospitalized patients, whereas the present study was based on the entire population, including even mildly affected patients. Additionally, improvement in patient care capability has led to increased survival.
The survival was not significantly different between nonsurgical and surgical patients. However, this result should be cautiously interpreted because, first, selection bias exists as patient characteristics and severity are inherently different between surgical and nonsurgical groups, and, second, our study did not adjust for severity because we lacked detailed clinical information for patients. Thus, our results comparing survival features of surgical and nonsurgical groups are descriptive and should not be used to draw conclusions on the effectiveness of surgery in changing mortality or morbidity in moyamoya patients. [21] [22] [23] [24] [25] This study has certain limitations. First, because our data are based on insurance claims, detailed clinical information, such as symptoms, laboratory test results, or genetic information on patients, is lacking. Therefore, we are limited in our ability to describe clinical and genetic features or perform severity adjustments. Second, our study relied on administrative data, which may have questionable diagnostic reliability. However, the NHI has sent specific diagnostic criteria for RIDs to physicians for copayment reduction, and health institutions are required to review physician's diagnosis before submitting this information to the NHI. Thus, the probability of misclassification is low, and the diagnosis can be considered reliable. Third, we do not know the exact registration rate of patients with moyamoya disease in the RID program and cannot completely exclude the possibility of some patients not registering in the program. However, because every Korean healthcare institution is aware of the RID program and registering in the program offers patients copayment reduction, we assume that the rate of registry for patients with moyamoya disease is very high.
A strength of this study lies in the fact that we examined the nationwide, population-based epidemiological features of moyamoya disease. To our knowledge, no other study has examined incidence, prevalence, and subsequent survival using a recent and nationwide data source. The large sample size and unbiased measures (ie, surgery and survival) in this study provide assurance that the data are not spurious and accurately represent information on moyamoya patients. This is the first nationwide study on the incidence, prevalence, and survival of moyamoya disease in Korea. This study has important implications, because the incidence and prevalence of moyamoya disease are higher than previously reported. The prevalence has doubled from 2007 to 2011, perhaps because of improved prognosis or early diagnosis in recent years. This study indicates that more attention needs to be paid to moyamoya disease in Far Eastern nations. 
